Linewidth and visocity measurement covering the single phase and two phase region were made. Comparison of the data with the mode-mode coupling results of Kawasaki show good agreement with no adjustable parameters. In the one phase region measurements of autocorrelation functions indicate small deviations from a single exponential when IT -T, I ~ 0.05 ·C. The shear viscosity exponent ¢! was found to be 0.077 ± 0.002, somewhat larger than the theoretical estimates.
I. INTRODUCTION
In a previous paper 1 results from static light scattering measurements and studies of the coexistence curve near the critical point of the system isobutyric acid/ D 2 0 have been reported. This system is very interesting because of the presence of isotope exchange reactions. 2 In this paper we present the results of dynamic light scattering measurements and shear viscosity studies in the neighborhood of the critical point for the same system.
Far away from the critical point of a binary mixture the half -width r of the Rayleigh line is given by (1) where D is the mutual diffusion coefficient, k = 41T sine e / 2)/X, with () and Xbeingthe scattering angle and the wavelength of light in the medium, respectively. Equation (1) is valid only when the correlation length ; of the concentration fluctuations causing the scattering is much less than the reciprocal of the scattering vector k (1. e., k;« 1). Development 3 and extansion 4 of the mode-mode coupling theory have made it possible to predict r as function of k; over the entire kH = X) range. Kawasaki first predicted (2) where kB is the Boltzmann constant, T is the thermodynamic temperature, T/* is the high frequency shear viscosity, and the function Ho(X) is given by
In the critical region, X »1, the linewidth is given by r(K) = kB T k 3 /16r)*. Far away from the critical point, X« 1, Eq. (2) reduces to Eq. (1). Kawasaki later introduced several improvements and obtained an expression for the high frequency viscosity5 alAuthor to whom requests for reprints should be sent. The shear viscosity of a binary liquid mixture near the critical mixing point exhibits an anomalous increase. Since the measured maximum increase tl.T//T/ is about 30% very near the critical point, it has not been possible to determine whether tl.T/(=T/ -1)0 with 1)0 being the nondevergent part of the shear viscosity) exhibits a power law divergence, a logarithmic divergence or just a finite cusp. Theoretically the predictions also range from a finite CUSp7 to a weak power law. 8
II. MATERIALS AND METHODS

A. Materials
Isobutyric acid (abbreviated IC0 2 H) with a purity of 99% was fractionally distilled in a concentric tube column of 75 theoretical plates. Deuterium oxide (D 2 0), which was used without further purification, was of Merck Uvasol quality with a degree of deuterium of 99.75%. The samples used for the light scattering experiments were the same as that used in our previous study. 2 All the samples had compositions very close to the critical composition; mass fraction of the acid (Ye) = O. 356.
B. Light scattering
The experimental arrangement of our digital light scattering photometer has been described elsewhere. e In order to insure long term thermal stability and uniformity, three cascaded temperature controllers were used for temperature control. In addition, the final controller was housed in a thermostated box in order to eliminate drifts due to room temperature variations. Temperature of the sample was controlled to 0.001 °C and measured with a resolution of 0.0001 °c.
Linewidth measurements were made as a function of time and height. In the one phase region, a minimum of 3 h was allowed for thermal equilibrium. In the two phase region, the final data were taken after it was established that the linewidth of the autocorrelation function was not changing with respect to time. This meant an average of 24-36 h of waiting after changing the sample temperature. Close to the phase separation temperatures waiting times were much longer. As another check of equilibrium, linewidth of the autocorrelation function was also measured as a function of height difference from the meniscus.
C. Viscosity
The Vbbelohde type viscometer used in this study is shown schematically in Fig. 1 . It allows measurements of the kinematic viscosity of the homogeneous mixture as well as that of the coexisting fluid phases in a closed system. The viscometer, filled with about 20 cm s of a mixture of critical composition, was flame sealed. The change in compOSition of the mixture in the viscometer due to evaporation into its dead space could be neglected. It was mounted on a rack which allowed the viscometer to be turned by an angle of 360° and positioned again reproducibly in the vertical pOSition. The rack with the viscometer was immersed into a carefully controlled thermostat (long time temperature stability aT = 2.10-3 K in a temperature range 25° -60°C). By rotating the viscometer, it was possible to move the mixture from the lower part of the viscometer to its upper part before starting a measurement. The crucial part of the viscometer is the stopCOCk which was used for separating the two coexisting fluid phases at temperatures below the phase separation temperature. The stopcock (Corning, Rotaflo) consists of a hollow, thin walled Teflon stopper which fits into a precision-bore glass tube of slightly bigger diameter. The stopper contains a rubber plug which can be pressed together between two metal O-rings by turning a screw. In this way the diameter of the plug is increased and the wall of the stopper is pressed against the interior of the glass tube making a tight seal. The glass tube is provided with a thread at its upper end. The head of the stopper functions as a nut for the glass thread moving the stopper back and forth. To make sure that no thermostating fluid could penetrate into the interior of the viscometer the Teflon stopper had an additional tightly fitting O-ring in its upper part. In this way another seal between the stopper and the glass tube was made. The fact that temperature of phase separation of the sample within the viscometer did practically not change during the experiments (at the beginning Tp = 44. 947°C; at the end Tp = 44.943 °C) indicates tightness of the seals.
The viscosity of the mixtures was calculated from the experimentally determined efflux time of the fluid contained in the volume above the capillary using Eq. (5):
where T/ is the viscosity, p is the density, t is the efflux time, and a and b are constants. The viscometer was '\.---2 
D. Density
The densities of the mixture above the phase separation temperature and the densities of the coexisting fluid phases below the phase separation temperature were measured, respectively, in a digital preCision densimeter (Paar, Typ DMA 02). They were calculated from the electronically measured frequency of a mechanical oscillator filled with the mixture. The oscillator is a V-shaped glass tube (volume about 0.7 cm S ) placed in a metal block whose temperature was controlled. The instrument was calibrated in the temperature range 30° -50°C USing water and air as reference substances. Special care was taken to seal the oscillator tube airtight in order to prevent evaporation of its contents. The densities of the coexisting fluid phases below the phase separation temperature were measured in the following way. Samples of critical composition were prepared by weighing in the appropriate amounts of the two components into suitable tubes and sealing them with silicone rubber caps to make them airtight. These samples were kept at a different temperature T* below the phase separation temperature T p. After establishment of the phase equilibrium between the coexisting fluid phases samples of the two phases were taken using Hamilton syringes whose glass bodies and pistons were kept at a temperature above the temperature T*. The density of each sample was measured as a function of temperature in the temperature range t:.. T = T -T* up to about 1°C above T*. The density at T* was obtained by extrapolation so t:.. T = O.
III. DISCUSSION AND RESULTS
A. Light scattering results: single phase (T> Tc)
All of the one phase linewidth measurements obtained in five different experimental runs are shown in Fig. 2 . Also shown in Fig. 2 is a plot of Eq. (2) including the nonlocal viscosity correction given by Eq. (4) using experimentally determined values of the correlation length ~ and the viscosity 1). We see that over the temperature range covered (20:::-: t:.. T:::-: O. 004 °C), the agreement between theory and experiment is fairly good. We should point out that there are no adjustable parameters either in the theoretical curve or the e,xperimental data. There is some scatter around K~ -1 as has been observed before. 6 One of our aims was to try to detect whether the theoretically predicted deviation of the autocorrelation function from a single exponential could be observed. Deviations from a single exponential curve could be measured quantitatively by fitting the autocorrelation function to a modified nonlinear cumulants expansion in order to obtain the variance of the distribution of exponentials about the mean. 10 The results are shown in ance reaches a limiting value of 2% which is equivalent to the error introduced due to statistical uncertainties. As t:.. T decreases, the variance increases by about fivefold to 10% at t:.. T = 0.004 °c. For this scattering angle (e = 144°), the linewidth r changes by less than 30% over the t:..T range shown. Therefore we feel that the observed increase in the variance of the autocorrelation functions is real and cannot be due to short term fluctuations (±0.0005 °c or less) in the sample temperature. There is a small possibility that multiple scattering could have caused the deviation from a single exponential behavior. The maximum attenuation in our system was"'" 10% for t:.. T "'" 0.004 °C. As a result the multiple scattering effects are expected tobe negligible. 11
In order to minimize the effects of heating by the laser beam, we used a 15 mW He-Ne laser and regulated the intensity reaching the sample by a polarizer right before the sample. The power going through the sample was never more than -7 mWand close to the critical point the power was lowered to about -0.5 mW. 
B. Two phase region
All of our linewidth measurements in the two phase region are shown in Fig. 3 along with the theoretical predictions of Eqs. (2) and (4). Again neither the data nor the theoretical function have any adjustable parameters. Due to the fact that it is more difficult to get a reliable data point in the two phase region, the amount of data is less and there is some scatter. The taking of data at t:.. T values less than 0.05 ° C was practically impossible due to long equilibration times of three to four days during which time even a temperature drift of 1 mK or short term fluctuations created concentration gradients around the interface. Intensity in the one phase region was high enough to measure a correlation function at t:.. T -20 ° C. In comparison, the largest t:.. T value at which we were able to make a linewidth measurement is 4°C in the two phase region. This is not surprising because each phase is moving from the critical composition and the critical temperature simultaneously. Finally we want to point out that for the same t:. T, the lower phase (D 2 0 rich) has the larger linewidth but due to the much higher viscosity of the upper phase, the product pry* is larger for the upper phase.
C. Viscosity results
The shear viscosity of isobutyric aCid/D 2 0 mixtures of critical composition shows a weak anomaly approaching the critical temperature from the one fluid phase region (as shown in Fig. 5 ). This behavior is similar to that of one component systems 13 and other binary and ternary critical mixtures. 13, 14 The shear viscosity of the coexisting fluid phases below Tc also shows a weak anomaly approaching Tc (see Fig. 5 ). Only the viscosity data obtained at temperatures above Teare analyzed in terms of the theory of dynamic critical phenomena. 7 • s • 15 An analysis of the viscosity data of the coexisting fluid phases is not possible at present because the composition of the coexisting phases is not known. The system isobutyric aCid/D 2 0 is a binary mixture of a special kind. Isobutyric acid is a weak acid so that isotope exchange reactions occur between the proton of the acid and the 0.1.
In e: 16 is fitted to the experimental viscosity data obtained at temperatures above Te using a weighted nonlinear least square fit program. The data were not corrected for nonlinear shear gradient effects.
7)/1'(: E-~ exp(BE+ C)
. ( 6) 7) is the shear viscosity measured in units of 7)+: 1 cP and E is the reduced temperature E = (T -Te)/T e' cP is a critical exponent. Band C are constants independent of temperature. Equation (6) implies a power law of the form 7)/Ti = E-~. 1) is the shear viscosity in absence of any critical anomaly. Furthermore, it is assumed that 
